Abstract. The last IceCube catalog of High Energy Starting Events (HESE) obtained with a livetime of 1347 days comprises 54 neutrino events equally-distributed between the three families with energies between 25 TeV and few PeVs. Considering the homogeneous flavors distribution (1:1:1) and the spectral features of these neutrinos the IceCube collaboration claims the astrophysical origin of these events with more than 5σ. The spatial distribution of cited events does not show a clear correlation with known astrophysical accelerators leaving opened both the Galactic and the extra-Galactic origin interpretations. Here, we compute the neutrino diffuse emission of our Galaxy on the basis of a recently proposed phenomenological model characterized by radially-dependent cosmic-ray (CR) transport properties. We show that the astrophysical spectrum measured by IceCube experiment can be well explained adding to the diffuse Galactic neutrino flux (obtained with this new model) a extra-Galactic component derived from the astrophysical muonic neutrinos reconstructed in the Northern hemisphere. A good agreement between the expected astrophysical neutrino flux and the IceCube data is found for the full sky as well as for the Galactic plane region.
Introduction
In the latest years the IceCube collaboration opened the era of neutrino astronomy detecting a astrophysical neutrino excess above the expected background flux. Recently, a preliminary analysis [1] based on four years experiment data-taking (1347 days of livetime), reported a total of 54 HESE between 28T eV and 3PeV. The astrophysical ν excess inferred by IceCube with HESE events collected in three years was fitted by a power law with index Γ = −2.3 ± 0.3 and a best-fit per flavor flux of E 2 Φ(E) = 1.5 ± 0.7 × 10 −8 (E/100T eV) −0.3 GeVcm −2 s −1 sr −1 above 60 TeV [2] . The four-year data favor a steeper spectrum: Γ = −2.58 ± 0.25 and a best-fit flux E 2 Φ(E) = 2.2 ± 0.7 × 10 −8 (E/100T eV) −0.58 GeVcm −2 s −1 sr −1 [1] for the same energy range. Although a statistically significant departure from isotropy cannot be claimed yet, recent analyses [3, 4] showed that the angular distribution of HESE events allows up to 50% of the full-sky astrophysical a e-mail: antonio.marinelli@pi.infn.it flux to have a Galactic origin. The Galaxy can be considered a guaranteed source of neutrinos up to a fraction of PeV energies at least; a sizable flux may either come from freshly accelerated CRs undergoing hadronic scattering with gas clumps, or from the hadronic interactions between the Galactic CR sea and the interstellar gas. The expected diffuse neutrino flux produced by these processes is strongly dependent on the CR transport scenario. In this work we present the expected Galactic diffuse neutrino flux, computed with a recently introduced scenario (KRA γ ) considering a radially-dependent diffusion coefficient [5] , for different regions of the sky. Respect to a standard scenario, with a fixed diffusion coefficient for the whole galaxy, this model predict a diffuse Galactic neutrino flux two times higher for the full sky region and up to four times higher for the Galactic plane region. However, to explain the spectra obtained with IceCube measurements for these regions it is necessary to account also for a extra-Galactic (EG) component. Here we assume this EG component to be isotropic and use the astrophysical muonic neutrino IceCube measurements from the Northern hemisphere [6] to obtain an estimation of this flux. In particular we obtain the EG neutrino spectral features considering the best-fit analysis performed by the IceCube collaboration [6] without a particular assumptions for the EG neutrino emitters. We show that the measured full sky neutrino spectrum as well as the derived neutrino spectrum of the Galactic plane region (θ 1 < 7.5 • ) are well described by the sum of Galactic (KRA γ ) and EG (best-fit of ν µ from Northern hemisphere) selected ν spectra.
Diffuse Galactic neutrino spectra obtained with KRA γ model
As explained in details in [5] , the KRA γ model, used in this work to obtain the Galactic diffuse neutrino emission, adopt an index δ 2 for the rigidity dependence of the diffusion coefficient that increases with the Galactocentric radius R (implying spatially variable CR transport as originally suggested e.g. in [7] ), and this turns into a hardening of CR propagated spectrum and ν and γ-ray emissivity above the TeV energies in the inner Galaxy region. The model is tuned to reproduce over the entire sky the diffuse γ-ray emitting spectrum of the Galaxy as measured by Fermi-LAT [8] as well as the local CR observables [9, 10] . The hadronic emission computed by considering the KRA γ setup is higher than the conventional model predictions, with important implications for Galactic diffuse neutrino expectations. We first compute the ν e and ν µ production spectra. For both flavors we use the emissivities provided in [11] (well tuned on accelerator and CR data) for projectile energies below ∼ 500 TeV, while we adopt the ones provided in [12] above that energy range. Then we account for neutrino oscillations. Their effect is to almost equally redistribute the composition among the three flavors [13] . We only consider proton and helium CRs/gas -as for γ-rays -since heavier nuclear species give a negligible contribution in the energy range we cover in this work [14] . Two possible cut-offs have been selected for the interacting CR: 5PeV and 50PeV; these choices match CREAM p and He data and roughly KASCADE [15] and KASCADE-Grande data [16] . In this work we present the interpretation of the astrophysical neutrino spectrum measured by IceCube adding the Galactic diffuse emission, obtained with KRA γ scenario, to a diffuse EG neutrino component derived from the best-fit analysis of muonic neutrinos coming from the Northern hemisphere [6] . [6] was multiplied by three for taking into account the sum of ν µ , ν e and ν τ . This analysis was done for the full-sky region as well as for the whole Galactic plane inside the latitude of θ < 7.5
• . For the full sky region we compare the sum of computed neutrino fluxes (KRA γ + North ν µ × 3) with the IceCube spectral analyses corresponding to HESE events collected in three years [2, 17] . Instead for the Galactic plane we derived the spectral points following [18] guideline. In particular we renormalized the IceCube spectral measurements [2] considering the neutrino events reconstructed inside the Galactic plane window selected (θ < 7.5
• ). As we can see in fig. 1 adding to the KRA γ the EG neutrino component (obtained from the ν µ of Northern hemisphere) we are able to explain the IceCube spectral measurements. For the full sky analysis, where the Galactic contribution is expected to be subdominant, the computed ν spectrum with KRA γ allows to reproduce the best-fit analysis of HESE events at low energies. This is due to the steeper and higher spectrum of KRA γ ν at E < 100T eV respect to the considered EG spectral component. Considering the Galactic plane region the ν spectrum of KRA γ is even more important for explaining the derived IceCube spectrum. The right plot in fig. 1 shows that taking into account a standard CR transport scenario (with a fixed diffusion coefficient for the whole galaxy) for producing diffuse Galactic ν, it would be needed a excessive high EG spectral ν counterpart to reproduce the IceCube spectrum.
Conclusions
In the presented analysis we interpreted the astrophysical neutrino flux measured by IceCube as the sum of a computed diffuse Galactic ν component with an isotropic EG ν flux obtained directly from data. The diffuse Galactic ν's, produced by cosmic-ray interaction inside our Galaxy, are obtained following a new CR transport scenario, called KRA γ , where the diffusion coefficient is assumed to be radially-dependent. Whereas the EG ν flux is obtained from a particular IceCube analysis. Since the inner Galactic plane is positioned in the South hemisphere, we took the ν µ flux reconstructed in the Northern hemisphere as a good estimate of the isotropic EG neutrino component. The spectral features of the EG spectrum correspond to the best fit parameters given by the IceCube collaboration. The sum of these two astrophysical components well reproduce the IceCube spectral measurements for the full sky region as well as for the whole Galactic plane with θ < 7.5
• . For both regions we highlight the importance of using the KRA γ model instead of a standard CR transport scenario to obtain the expected Galactic diffuse neutrino flux. In a near future the IceCube-ANTARES common analysis of the Galactic plane can confirm the features of neutrino spectrum predicted by the KRA γ scenario and constrain the spectral characteristics of EG neutrino flux. IceCube, Galactic plane analysis KRAγ (cut 5x10 7 GeV) KRAγ (cut 5x10 7 GeV) + EG KRAγ (cut 5x10 6 GeV) KRA (cut 5x10 7 GeV) KRA (cut 5x10 6 GeV)
IceCube-GP-HESE(3yr) IceCube-GP-HESE(3yr) Figure 1 . Comparison between IceCube spectral measurements and neutrino spectra obtained with the sum of a diffuse Galactic component (computed with the implementation of KRA γ model inside the DRAGON framework [19] ) with a isotropic EG ν spectrum derived from the ν µ measurements of the Northern hemisphere. On the left plot the full sky analysis: with blue solid and dashed lines we report the KRA γ ν spectra considering CR cut-offs respectively at 50 and 5 PeV. With the grey dashed line the isotropic EG component obtained from the Northern ν µ measurements. The yellow region and the green points are referred to spectral analyses obtained with 3 years of HESE events. The black dash-dotted line represents the best-fit analysis of 3 years of HESE events while the red solid line represents the sum of KRA γ with EG component obtained from ν µ . On the right plot the Galactic plane analysis: with the blue and red solid and dashed thin lines we show the KRA γ (new scenario for CR transport) and the KRA (conventional scenario for CR transport) ν spectra with the CR cut-offs at 50 and 5 PeV. The grey dashed line is the EG spectral component, while the blue solid thick line is the sum of KRA γ neutrinos and EG spectrum. With the green points the derived spectral points for the Galactic plane region θ < 7.5
• .
